Objective To study if luteal E 2 pre-treatment before GnRH antagonist protocol improves IVF/ICSI outcomes compared with standard long GnRH agonist protocol. Design A prospective, randomized and controlled study. Setting ART center of a state public hospital Patient(s) Two hundred twenty infertile women underwent IVF/ICSI treatments. Intervention(s) Participants received oral Estradiol Valerate 4 mg/day preceding the IVF cycle from day 21 until day 2 of next cycle before GnRH antagonist protocol (E 2 pretreatment group n=109) or received standard long GnRH agonist protocol as control group (n=111). Main outcome measure(s) Number of oocytes collected, MII oocytes, fertilization, implantation, live birth and early pregnancy rate, and hormone profiles. Result(s) E 2 pre-treatment exerted a significant suppressive effect on FSH but not LH secretion compared with basal FSH and LH levels. In E 2 pre-treatment group serum LH level was significantly higher during COH and serum P was also significantly higher on the day of HCG injection compared with control group. Five patients from E 2 pre-treatment group had elevated LH at all time (≥10 IU/L) and also a concomitantly high P (>1 ng/mL). Two of the five women achieved pregnancy but had early pregnancy loss. Overall, IVF/ICSI outcomes such as implantation, clinical pregnancy and live birth rates were similar between E 2 pre-treatment and control groups. Conclusion(s) Luteal E 2 pre-treatment before GnRH antagonist protocol significantly increases serum LH level and incidence rate of premature LH but no significant effect is observed on implantation, clinical pregnancy, live birth and early pregnancy loss rates compared with long GnRH agonist protocol. However, more studies in large numbers of cycles are needed to confirm that increased serum LH level by E 2 pre-treatment during COH has no negative effect on the IVF/ICSI outcomes.
Introduction
Compared with long GnRH agonist protocols, the GnRH antagonist protocols for controlled ovarian hyperstimulation (COH) has offered a greater benefit in reducing the duration of treatment and the consumption of gonadotrophins as well as lowering the physical and psychological burden for patients undergoing pituitary desensitization. However, most studies indicate that there is a slight reduction in the number of retrieved oocytes and in the pregnancy rate in the GnRH antagonist protocols compared with long GnRH agonist protocols. This may be partly attributed to the absence of synchronization of the follicular cohort before ovarian stimulation [1, 2] , reducing the number of viable oocytes and embryos and therefore the chance of pregnancy [3] [4] [5] . Thus, more attention has been paid to the potential use of steroid in the pre-treatments to program cycles, to modify the hormonal environment in relation to the negative feedback exerted by steroid on endogenous gonadotrophin secretion and therefore to synchronize the follicular cohort before stimulation. The potential benefit of natural estradiol (E 2 ) pre-treatment has been recently assessed in GnRH antagonist cycles. This approach seems to be promising because endogenous estrogen secretion is actually the main factor involved in the negative regulation of FSH secretion during the luteal-follicular transition period. Indeed, previous reports have shown that E 2 pretreatment prevents intercycle FSH rise, improves follicle synchronization effectively within the cohort and enhances the recovery of mature oocytes [5, 6] . However, there is currently no prospective study on whether the use of E 2 pre-treatment with GnRH antagonist protocol can significantly improve the IVF/ICSI outcome. We conducted a prospective, randomized and controlled trial in a large number of patients, comparing the IVF/ICSI outcomes between E 2 pre-treatment before GnRH antagonist protocol and standard long GnRH agonist protocol.
Materials and methods

Patients
A total of 220 IVF/ICSI cycles were included in this prospective randomized study in our IVF centre between August 2006 and February 2007. The inclusion criteria were (1) age between 25-35 years old; (2) BMI between 18-25 kg/m 2 ; (3) the number of previous IVF cycles <3, and no previous poor response to ovarian stimulation (poor ovarian response was characterized by cancellation of the cycle due to either poor follicular development or ≤4 cumulusoocyte-complexes collected at oocyte retrieval); (4) normalovulatory cycles (25-35 days); (5) both ovaries present and normal uterus; (6) no hormone therapy within the past 3 months; and (7) no current or past diseases affecting ovaries, gonadotrophin, sex steroid secretion, clearance or excretion.
Selected women were randomly assigned to receive E 2 pre-treatment with antagonist protocol or long GnRH agonist protocol. Randomization allocation sequence was generated from a table of computer-generated random numbers. This study was not blind. The study was approved by the hospital research and ethnical committee and patients signed consent to participate in the study.
Stimulation protocols E 2 pre-treatment group was administered daily oral Estradiol Valerate 4 mg (Progynava Schering) preceding the IVF cycle from day 21 until day 2 of next cycle. Stimulation was started by daily injection of 225 IU of recombinant FSH (Gonal-F, Serono) from day 3. This dose was maintained constantly for 5 days and then adjusted according to ovarian response. When the leading follicles reached 12-14 mm in diameter, GnRH antagonist (Cetrotide, Serono) 0.25 mg was injected daily until the day of hCG injection.
Control group received daily Troptorelin (Decapeptyl, Ferring) 0.1 mg s.c. preceding the IVF cycle from day 21 until pituitary down regulation (serum E 2 <50 pg/mL, LH< 5 IU/L, P<0.9 ng/mL, and in the absence of follicular structures larger than 10 mm). When pituitary down regulation was achieved, the Troptorelin dose was reduced to 0.05 mg/d until the day of hCG injection. Stimulation was started by daily injection of 225 IU of recombinant FSH (Gonal-F, Serono) for the first 5 days and then adjusted according to ovarian response.
In both groups, injection of 10000IU hCG (Profasi, Serono) were given when at least three mature (≥18 mm) follicles were obtained and oocytes retrievals were performed 36 h later. Usually two to three embryos were transferred at 72 h after IVF insemination or ICSI injection. Luteal phase was supported by injection of progesterone 80 mg/day (LiZhu, China) starting on the day of oocyte retrieval until the day of pregnancy test. If a pregnancy occurred, progesterone administration was extended up to 10-12 weeks of pregnancy. The early pregnancy loss was defined as spontaneous abortion before 12 weeks.
Hormonal measurements
All blood samples were obtained by vein puncture, performed at 8:00-11:00 a.m. before injection of medication daily. Serum samples were separated and frozen-stored until assessment of FSH, LH, P and E 2 using microparticle enzyme immunoassay with Abbott Axsym System (USA). Coefficient of variation (CV) and lowest limit detection for both intra-and inter-assays were: FSH 2.8%, 4.1%, 0.05IU/L; LH 1.8%, 2.5%, 0.5IU/L; P 1.8%, 2.5%, 0.1 ng/mL and E 2 3%, 3.1%, 20 pg/mL, respectively. Hormonal assessment was performed at basal serum levels (menses 2-4 days during 3 months previous to COH), at the start of stimulation (D0), on day 6 (D6) and on day 8 (D8) of r-FSH stimulation and on the day of HCG administration.
Ultrasound was performed with a 7.2 MHZ multi frequency transvaginal probe (Aloka 1400, Japan) by one single operator concomitantly with hormonal assessment at each visit.
Statistics
Statistical analysis was performed by using the Statistical Package for the Social Science (SPSS) for Windows 10.0 and PASS. Either t test or chi-square tests were used to detect significant differences (P<0.05) of all the variables between E 2 pre-treatment and control groups.
Results
Baseline characteristics
There was no significant difference in the baseline hormone levels between the two groups ( Table 1) . 12 COH cycles (6 cycles in each group) were cancelled before embryo transfer (ET). The reasons of cancellation in both E 2 pre-treatment and control groups were ovarian hyperstimulation syndrome (OHSS) in three patients from experimental group and 2 from control; the sign of endometrial fluid in 1 and 3; others in 2 and 1, respectively. Overall, ETs were performed in 103 cycles for the E 2 pretreatment group and 105 cycles for the control group.
COH and IVF result in two groups
The mean length of E 2 -treatment was 5.4±1.0 (range 4-9) days and the baseline cycle length of the preceding cycle was not altered by luteal E 2 administration. There were no significant differences between the two groups in mean dose of gonadotrophins (Gn); stimulation duration; endometrial thickness on the day of hCG; the numbers and sizes of the follicles in the early, mid, late follicular phases; the mean number of achieved oocytes and MII oocytes; the fertilization rate; and the cleavage rate ( Table 2 ).
The IVF outcomes in the two groups
The mean number of transferred embryos was similar between the two groups. There were no significant differences in overall IVF/ICSI outcomes between the two groups but there was a trend of lower implantation rate (34.7% vs 37.8%), lower clinical pregnancy rate (52.4% vs 60%), lower live birth rate (34% vs 37.1%), and higher early pregnancy loss rate (22.2% vs 12.7%) in the E 2 pre-treatment group compared with control group (Table 3) .
Serum hormonal dynamics
Compared with the basal hormonal level, E 2 pretreatment group showed a significant suppressive effect on FSH and P level (P<0.001) but not LH level after exogenous E 2 discontinuation. The serum E 2 level after exogenous E 2 discontinuation was significantly higher than the basal E 2 level (P<0.001). The control group showed a significant suppressive effect on E 2 , LH, FSH and P levels after pituitary down regulation (P<0.001), (Table 4) .
Compared with the control, the E 2 pre-treatment group had significantly higher values for serum E 2 , LH and FSH on D0 (P<0.001). However, the serum P value was significantly lower (P<0.001) on D0 . The serum LH on D6, D8 and on the day of HCG administration was significantly higher (P<0.001), and the serum P level on the day of HCG administration was significantly higher than in the control group (p<0.001, Fig. 1 ). The ratio of serum LH/P increased: five patients from E 2 pre-treatment group had elevated LH at all time (≥10 IU/L) and a concomitantly high P (>1 ng/ml). Two of the five women achieved pregnancy but had early pregnancy loss.
Discussion
Although complex mechanisms inherent in each follicle act together to determine its sensitivity to FSH and developmental competence, asynchronous multi-follicular growth during COH may be a direct consequence of size heterogeneities of early antral follicles during the early follicular phase. The physiological mechanisms in this process remain poorly understood [7] . A plausible explanation involves the premature, gradient FSH elevation paralleling [8] . According to the intrinsic sensitivity to this hormone, some follicles are able to respond to lower FSH levels than others and, therefore, start their development earlier, during the late luteal phase [9] . Since the larger follicles are more responsive to FSH, exogenous gonadotrophin administration is likely to intensify further size discrepancies of growing follicles during COH [10] . Hence, according to this hypothesis, suppression of luteal FSH secretion may prevent untimely, uncoordinated development of FSH-sensitive follicles during the luteal-follicular transition and foster follicular growth synchronization during COH. The long GnRH agonist protocol induces profound suppression of endogenous release of gonadotrophins during the early follicular phase, allowing the early antral follicles to grow coordinately in response to exogenous gonadotrophins to accomplish simultaneous maturation. This leads to an extended widening of the FSH window, increased FSH requirement and at the end, more follicles [2] . In antagonist protocols, more attention has been paid to the potential effect of steroid pre-treatment to program antagonist protocol cycles. Durnerin-Cedrin et al. [11] and Fanchin et al. [7] verified that E 2 pre-treatment could suppress FSH levels, reduce the pace of growth, and improve the size homogeneity of antral follicles. After discontinuation of E 2 treatment, serum FSH increased progressively. The abrupt FSH rebound after stopping E 2 intake with a concomitant increase in follicle size argues for a short wash-out interval of 1 day or 2 days. However, oral contraceptive pill (OCP) and progestogen pre-treatments strongly suppress FSH and LH values for a 5-day wash-out period. Meanwhile, the follicle size inside the cohort remained homogeneous. OCP and progestogen pre-treatments were more suppressive than natural E 2 pre-treatment [11] . Steroids may interfere with gonadotrophin secretion not only by the suppressive effect induced by steroid intake but also by the rebound of gonadotrophin secretion after the cessation of administration. The significant FSH rebound is likely to synergize with exogenous gonadotrophins and further promote multi-follicular development. Estrogens are believed to primarily inhibit FSH secretion. This approach seems to be promising because endogenous estrogen secretion is actually the main factor involved in the negative regulation of FSH secretion during the luteal-follicular transition [12] .The potential benefit of natural estradiol pre-treatment has been recently assessed in GnRH antagonist cycles. Our data have demonstrated that serum FSH values were significantly lower than the baseline FSH values after E 2 pre-treatment during the mid-luteal phase of the preceding IVF cycle and stimulated by r-FSH, the number and the pace of growth of the follicles were similar to those in the long GnRH agonist protocol. A similar situation was observed in the number of retrieved oocytes, MII oocytes and the serum E 2 values on D6, D8 and the day of HCG administration in COH. Thus E 2 pre-treatment may produce the same adequate synchronization of follicles as the long GnRH agonist protocol. This supported Fanchin's [6] report that E 2 pre-treatment could improve the coordination of follicles and produce more MII oocytes.
As E 2 pre-treatment can slow down the velocity of the follicle development, improve the follicular synchronization and produce more MII oocytes, it is considered to be a potential, more physiologic and selective technique to ameliorate the coordination of follicles. However, it is still not clear whether E 2 pre-treatment can overcome the inferior IVF outcome resulting from the GnRH-antagonist protocol compared with the long GnRH agonist protocol.
It is likely that two phenomena play an important role to facilitate optimal IVF results when GnRH analogues are used: stable and low LH and progesterone levels throughout the stimulation phase to achieve optimal conditions for implantation, and sustained low levels of endogenous FSH before the start of stimulation to allow optimal synchronization of the follicular cohort [2] . The changes in follicular dynamics and coordination induced by luteal FSH suppression may offer a plausible explanation for the reported improved outcome of long GnRH agonist protocols, compared with GnRH antagonist protocol [13, 14] . According to this, luteal E 2 administration could render an effectiveness of GnRH antagonist equivalent to that of long GnRH agonist protocols. Furthermore, luteal E 2 administration presents some advantages over long GnRH agonist protocols, such as simplicity, less side effects and no endogenous gonadotrophin suppression during the early follicular phase of COH [6] .
The present study investigated whether luteal E 2 pretreatment before GnRH antagonist protocol achieves the similar IVF outcomes to the luteal GnRH-agonist long protocol. Our study was conducted as a prospective, randomized and controlled trial. Our data shows that there was no significant difference in the mean numbers of retrieved oocytes, MII oocytes, fertilization rate, cleavage rate, available embryo rate and transferred embryos between the two groups. Also there were no significant differences in implantation rates (34.7% vs. 37.8%), clinical pregnancy rate (52.4% vs. 60%), live birth rate (34% vs. 37.1%) and early pregnancy loss rate (22.2% vs.12.7%) between the two groups. However, E 2 pre-treatment group appears to have relatively lower implantation, clinical Fig. 1 Level of E 2 , LH, P and FSH from D0 to D8 and the time of HCG injection for both E 2 pre-treatment and control groups pregnancy and live birth rates and higher early pregnancy loss rate compared with control group. Statistically, to be able to reach significant difference of 8% clinical pregnancy rate between the two groups, we would need about 668 cycles fro each group based on the calculation by two-tailed hypothesis test with β of 0.2 and α of 0.05. Therefore, more study with large numbers of cycles is needed to determine whether E 2 pre-treatment with GnRH antagonist protocol is comparable to the long GnRH agonist protocol. The important significant difference is the different internal hormone secretion environments between the long GnRH agonist protocol and E 2 pre-treatment with GnRH antagonist protocol. Our results showed that after E 2 administration, serum LH levels had not significantly changed compared with the basal LH levels (P>0.05). This revealed that E 2 pre-treatment is not useful for the LH down-regulation which is in agreement with previous reports by Durnerin IC et al. [11] and Fanchin [6] . Furthermore, the serum LH level after E 2 pre-treatment was significantly higher than the control group (p<0.001) and five patients from E 2 pre-treatment group had elevated LH at all time (≥10 IU/L) and also a concomitantly high P (>1 ng/mL). Two of the five women achieved pregnancy but had early pregnancy loss. This demonstrated that E 2 pre-treatment before GnRH-antagonist protocol, especially before the GnRH antagonist injection, had increased incidence rate of premature LH, which is similar to the previous report by Durnerin IC et al. [11] . This could be clinically relevant because pregnancy rate seems optimal within a certain window of LH secretion in GnRH antagonist cycles [15] . Kolibianakis et al. [16] suggested that the lower the LH levels, the higher probability of pregnancy in GnRH antagonist protocol. Conversely, Rombauts et al. [17] observed decreased implantation rate after OCP pretreatment with a short wash-out interval of 2 days leading to a profound pituitary suppression. Therefore, the ability of serum LH levels to predict the ART outcome in GnRH antagonist cycles remains questionable. Nevertheless, in cycles without E 2 pre-treatment, exposure to high LH levels is associated with a reduced chance of pregnancy [18] . Whether a serum LH level elevated in the subsequent COH cycle could lead to lesser outcomes remains to be determined in a large series of patients.
In conclusion, luteal E 2 pre-treatment before GnRH antagonist protocol has a similar effect on improving the synchronization of follicular growth and number of MII oocytes. However, this method has a higher serum LH level in the whole COH and a concomitantly increased incidence rate of premature LH, compared to the long GnRH agonist protocol. Although there were no significant differences in overall IVF/ICSI outcomes, E 2 pre-treatment protocol produces relatively low implantation, clinical pregnancy and live birth rates and higher early pregnancy loss rate compared with the long GnRH agonist protocol. More study with large number of subjects is required to determine whether increased LH serum levels by E 2 pre-treatment in COH has potential negative effect on the ART outcomes.
